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@) Method and apparatus for a phase-locked loop circuit with holdover mode. 



@ A phase-locked loop circuit with holdover 
mode is formed utilizing a primary (3) and 
secondary (4) phase-locked loop circuits. Each 
loop circuit comprises a phase detector 
(20 ;60), loop filter (30 ;20), VCXO (40 ;80) and 
frequency divider (50 ;90). The secondary loop 
(4) is configured such that its output is very 
stable. The primary loop (3) is phase-locked on 
a received reference dock signal (Vref) and the 
second loop (4) is phase locked on the output 
(V0,N1) of the primary loop, the scaled output of 
the secondary loop being parallel to the refer- 
ence dock signal. If the incoming reference 
signal is interrupted or lost the drcuit is switch- 
ed (by 8,10) to a holdover mode where the input 
(21) of the primary loop is switched to the stable 
scaled output of the secondary loop. In hol- 
dover mode, the output of the primary loop is 
phase4ocked to the stable output of the secon- 
dary loop. When the reference clock signal is 
reestablished, the input of the primary loop Is 
switched back (by 8,10) to the reference dock 
signal. 
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Field of the Invention 

The invention relates generally to frequency syn- 
thesizers and electronic tinting apparatus and meth- 
ods, and more specifically to phase-locked loop cir- 
cuits. 

Background of the Invention 

Phase-locked loop ("PLL") circuits have been 
used for many years and are electronic circuits for 
locking an oscillator in phase with a reference signal. 
PLL circuits are often utilized within receivers in dig- 
ital communication systems for the purpose of gener- 
ating a local dock signal which is phase aligned with 
an incoming reference signal. The phase aligned local 
clock signal facilitates the receipt and processing of 
synchronous data sent by a transmitter in the commu- 
nication system. 

A conventional PLL circuit comprises a phase de- 
tector, a filter and a voltage-controlled oscillator 
fVCO"). In the conventional PLL circuit, the phase 
detector compares the incoming reference signal and 
the output of the VCO. The phase detector generates 
an error signal that is representative of the phase dif- 
ference of the reference signal and the VCO output 
The error signal is filtered and applied to the control 
input of the VCO to produce an output signal that 
tracks the phase of the reference signal. 

A potential problem exists for a PLL circuit used 
to generate a local clock signal for synchronous read- 
ing of a transmitted information stream, when the in- 
coming reference signal is lost or interrupted. The out- 
put frequency of the VCO may drift during the ab- 
sence of the reference signal, potentially causing a re- 
ceiver to read data in the received information stream 
out of synchronization. 

Several prior art techniques have been devised to 
provide an in-phase local clock signal during the per- 
iod of absence or interruption of an incoming refer- 
ence signal. U.S. Patent No. 4,972,422 to Stelerman, 
issued on November 20, 1 990, described a PLL circuit 
utilizing multiple reference signals. This prior art cir- 
cuit can detect a loss of the incoming reference signal 
and transparently switch over to one of the other ref- 
erence signals. A disadvantage of the circuit of U.S. 
Patent No. 4,972.422 is that it is not applicable to 
communication systems having a single reference 
signal. 

Another prior art technique utilizes a PLL having 
a voltage-controlled oscillator which employs a crys- 
tal maintained at a constant temperature so that a 
phase-locked clock signal having minimal drift is pro- 
vided. A disadvantage of this prior art technique is the 
high power consumption required to maintain the 
crystal at the constant temperature. 

It is desirable to have a PLL scheme with switch- 
over that could substantially maintain a phase-locked 



signal upon an absence or Interruption of the refer- 
ence signal. Further, it is desirable that such circuits 
be of minimal complexity, have low power consump- 
tion and utilize inexpensive off the shelf components. 

5 

Summary of Invention 

The present invention comprises a frequency 
synthesizer of the PLL type relying on a single inconn- 

10 ing reference signal which can switch to a holdover 
mode upon an interruption of the reference signal. 
The frequency synthesizer utilizes two phase-locked 
loop circuits, a primary loop circuit which operates in 
the conventional manner when a received reference 

15 signal is present and a very stable secondary loop cir- 
cuit which drives the primary loop circuit when the ref- 
erence signal is faulty or absent A switch connects 
the input of the primary loop circuit to the incoming 
reference signal or the output of the secondary loop 

20 circuit upon interruption of the reference signal. 

An advantage of the present invention is low pow- 
er consumption. Another advantage of the present in- 
vention Is that it can be constructed of Inexpensive off 
the shelf components which are available on most 

25 semiconductor gate arrays. Yet another advantage of 
the invention is that constant temperature voltage 
controlled crystal oscillators or multiple system refer- 
ence signals are not needed. 

Brief Description of the Drawings 

FIG. 1 is a schematic diagram of a phase-locked 
loop circuit in accordance with the present inven- 
tion; 

35 FIG. 2 is a schematic diagram of a phase detector 

which may be used in the primary loop of the 
phase-locked loop circuit of FIG. 1; 
FIG. 3 is a schematic diagram of an embodiment 
of a filter circuit suitable for use in the primary 

40 loop of the phase-locked loop circuit of FIG. 1; 

FIG. 4 is a schematic diagram of a control circuit 
for a voltage controlled crystal oscillator which 
may suitably be used in the secondary loop of the 
phase-locked loop circuit of FIG. 1; FIG. 5 is a 

45 schematic diagram of a correction circuit for a 

governable oscillator which may suitably be used 
in the secondary loop of the phase-locked loop of 
FIG. 1; and 

FIG. 6 is a flow diagram of a suitable routine 
50 which may be implemented in the correction cir- 
cuit of FIG. 5. 

Detailed Description 

55 A PLL circuit 1 with holdover mode according to 
one embodiment of the present invention is illustrated 
in FIG. 1. An incoming reference signal Wj^f having a 
frequency fref is applied to a signal sensing circuit 8 
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and a first pole 12 of a controllable switch 10. The sig- 
nal sensing circuit 8 is further connected to a control 
input 11 of the switch 10. In operation, signal sensing 
circuit 8 causes switch 10 to operate in a first position 
shown in FIG. 1 as a solid line connecting the pole 12 s 
to pole 15, or a second position shown by shadow line 
1 4 connecting pole 1 3 to pole 1 5. A suitable device for 
use as controllable switch 10 is a conventional relay 
switch. 

When in the first position, controllable switch 10 io 
connects the incoming reference signal Vr^f to an in- 
put 21 of a phase detector 20. Phase detector 20 gen- 
erates an output signal Ve which is fed to a loop filter 
30 which has its output connected to a control termi- 
nal 41 of a governable oscillator 40. A suitable device i5 
for governable oscillator 40 is a conventional voltage- 
controlled crystal oscillator ("VCXO"). The govern- 
able oscillator 40 generates an output signal Vq hav- 
ing a frequency fo which is the output signal of PLL cir- 
cuit 1. The output signal Vo may be suitably used as 20 
a local clock signal for a receiver in a telecommunica- 
tions network. The output signal Vo of governable os- 
cillator 40 is also scaled using a frequency divider 50 
which divides the frequency f© by N^. The scaled out- 
put signal Vo/N^ produced at the output of the frequ en- 25 
cy divider 50 is fed back to an input of the phase de- 
tector 20. 

The scaled frequency divider output signal V0/N1 
is also fed to an input 61 of a phase detector 60. Phase 
detector 60 generates an output signal which is 30 
fed into a loop filter 70 which is connected to a control 
terminal 81 of a second governable oscillator 80. A 
VCXO is also a suitable device for the governable os- 
cillator 80. The governable oscillator 80 generates an 
output signal V02 which may be suitably used as a 35 
second local dock signal in the host system in which 
circuit 1 is used. The output signal V02 is also applied 
to a frequency divider 90 which divides the frequency 
of V02 by N2. The scaled output signal V02/N2 of fre- 
quency divider 90 is fed back to a second input 62 of 40 
the phase detector 60 and to the pole 13 of the con- 
trollable switch 10. When in the second position 
shown by shadow line 14, the controllable switch 10 
connects the scaled output V02/N2 to the input 21 of 
the phase detector 20. 45 

In operatton, the signal sensing circuit 8 detects 
the presence or absence of the signal and con- 
trols the position of switch 10, accordingly. If Vr^f is 
sensed as present the signal sensing circuit 8 causes 
the switch 1 0 to be in the first position connecting Vref so 
to the input 21 of phase detector 20. Upon sensing an 
Interruption or loss of V^ef, the signal sensing circuit 8 
causes switch 10 to operate in the second position 
connecting the scaled output signal V02/N2 to the in- 
put 21 of phase detector 20. 55 

When the incoming reference signal V^of is pres- 
ent and applied to the phase detector 20, the phase 
detector 20 measures the phase difference of V^ef and 



the scaled signal VJN^ applied to its input terminal 22. 
Phase detector 20 generates an output error signal Ve 
based on the measured phase difference of its two in- 
put signals. The error signal Ve is then filtered by loop 
filter 30 to eliminate any high frequency noise to pro- 
duce an output signal VpE and the Vp^ output signal is 
applied to the control terminal of the governable os- 
cillator 40. This signal controls the output Vo of the 
governable oscillator 40 to eliminate any phase dif- 
ference between Vq/N, and Vref. Thus, within circuit 1 , 
the phase detector 20, loop filter 30, governable os- 
cillator 40 and frequency divider 50 comprise a pri- 
mary PLL circuit 3 shown encompassed by a broken 
outline in Fig. 1. 

Likewise, within circuit 1, the phase detector 60, 
loop filter 70, governable oscillator 80 and frequency 
divider 90 circuit elements comprise a secondary PLL 
circuit 4 also shown encompassed by a broken outline 
in Fig. 1 . The phase detector 60 generates an output 
error signal Ve2 based on the phase difference be- 
tween its input signals VJN^ and V02/N2. The error 
signal V^z is filtered by filter 70 to produce output sig- 
nal Vfe2 which controls the governable oscillator 80 
such that its output signal V02 is phase-locked to V©. 

Upon loss of the reference signal Vref, the signal 
sensing circuit 8 causes switch 10 to enter its second 
position causing circuit 1 to enter a holdover mode 
wherein the signal V02/N2 is applied to the input ter- 
minal 21 of phase detector 20. In the holdover mode, 
Vo of the primary PLL 3 will be phase-locked to the 
output signal V02/N2 of the secondary PLL 4. When 
restoration of the reference clock signal is detected by 
signal sensing circuit 8, switch 10 is caused to recon- 
nect the incoming reference signal Vref to the phase 
detector 20. 

Thus, when the incoming reference signal Vref is 
present, the primary loop 3 phase-locks its output Vq 
based on and when Vref is interrupted or absent, 
the output Vo is phase-locked on the scaled output 
signal V02/N2 of the secondary PLL 4. 

Although secondary PLL 4 operates in the same 
manner as primary PLL 3, the circuit elements of sec- 
ondary PLL 4 should be selected so as to produce an 
extremely stable output signal V02. It is preferable that 
the governable oscillator 80 of the secondary PLL 4 
be inherently stable so that its output V02 would be 
substantially unlikely to drift in the absence of the in- 
coming reference signal Vre^ An example of an inher- 
ently stable device suitable for the governable oscil- 
lator 80 is a temperature-compensated crystal oscil- 
lator. 

The stability of the secondary PLL 4 is further en- 
hanced by selecting a very small loop bandwidth 
which is determined by the bandwidth of loop filter 70. 
For example, when the center frequency of govern- 
able oscillator 80 is on the order of 8 MHz. the band- 
width of the secondary PLL 4 should be on the order 
of milli-hertz (mHz). Utilizing a loop filter 70 with such 
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a low cut-off frequency ensures a slow response to in- 
put anomalies by the secondary PLL 4. In other 
words, the small loop bandwidth causes the output of 
secondary PLL 4 to not be drastically effected by re- 
cent input anomalies. 

Typically, a suitable inherently stable governable 
oscillator 80 for the secondary PLL 4 will have a sub- 
stantially different center frequency than the desired 
output frequency Vq for the circuit 1 . Therefore, in or- 
der to produce a hitless switchover, the governable 
oscillators 40 and 80 having output center frequen- 
cies fo and fo2, respectively, and the frequency divider 
values Ni and N2 should be chosen according to the 
relationship: fref = fo/Ni = foz/N^ This relationship 
states thalfo and ioz niust be multiples of fref- Thus, in 
the circuit 1 adhering to this relationship, when Vref 
has been interrupted, the input 22 of phase detector 
20 merely switches from Vref to V02/N2, a stable signal 
that is equal in frequency to Vref. 

The primary and secondary PLLs 3 and 4 may be 
of digital or analog design, depending on the applica- 
tion. Digital PLLs are more suitable for synchroniza- 
tion of digital signals, clock recovery from encoded 
data streams, and other digital applications. Analog 
PLLs are more suitable in non-digital communication 
systems since they maintain linear relationships be- 
tween input and output quantities. 

One contemplated embodiment of the present in- 
vention utilizes PLLs for generation of a local clock 
signal to provide synchronization of digital signals in 
a receiver within a telecommunications system. An 
example of this embodiment may have a reference 
signal frequency equal to 64 kHz, fret = 64 kHz. Fur- 
ther, it is envisioned that the desired output signal Vq 
may have a frequency of 31.104 MHz. fo = 31.104 
MHz, and an inherently stable oscillator with an avail- 
able center-frequency, fo2, equal to 8.192 MHz. 
Therefore, Ni must equal 486 and N2 must equal 128 
in order to satisfy the relationship: irat = fo/Ni = fo2/N2 
= 64 KHz = 31.104 MHz/486 = 8.192 MHz/128. 

The circuit elements utilized for the 31.104 MHz 
(31 MHz) primary PLL 3 can be any known conven- 
tional PLL circuit elements. The transfer functions for 
the elements of the loop should be selected to pro- 
duce a Bessel-type response to produce a substan- 
tially constant time delay in the loop for a large range 
of frequencies. Further details of a suitable digital 
phase detector circuit 20 for use in the primary PLL 3 
for 31 MHz operation is illustrated in FIG. 2. 

Referring to the phase detector 20 of FIG. 2, the 
scaled output signal Vq/Ni of primary PLL 3 and a sig- 
nal V| are applied to an exclusive OR ("XOR") gate 
210. The signal V, conresponds to V^ef or the scaled 
output signal V02/N2 of secondary PLL 4 depending on 
the position of the switch 10 in FIG. 1. The XOR gate 
210 is connected to a start/stop control terminal 221 
of an up/down counter 220 which has an n-bit wide 
digital count output 222. The V^/Ni signal is also ap- 



plied to a load/reset control 223 of the counter 220, 
and a 31 MHz signal is applied to the dock terminal 
224 of counter 220. The n-bit wide output 222 of coun- 
ter 220 is connected to a digital-to-analog ("D/A") con- 

5 verter 230. The D/A converter 230 generates an ana- 
log Ve signal which corresponds to the phase differ- 
ence of the signals Vq/Ni and V]. 

The phase detector 20 measures the phase dif- 
ference of the inputs Vj and Vq/Ni by determining the 

10 time period between the rising edges within each cy- 
cle of these input signals. If the phase of I Vr(Vo/Ni) I 

= ~ radians, the output count will be zero. The counter 

may be reset to a value other than zero to take into 

account the inherent ^ radian phase difference of the 

phase detector 20. 

In operation, at the rising edge of the signal at 
Vo/N, , the load/reset control 223 resets the counter to 

20 its initial value. If at that time, V| is low, or upon Vj go- 
ing low, the output of XOR gate 210 will go high caus- 
ing the counter 220 to start counting. At the next rising 
edge of the signal VJH^ or V}, the output of XOR gates 
210 will go low causing the counter 220 to stop count- 

25 ing. Then at the next rising edge of Vq/Ni, counter220 
will perform two substantially simultaneous opera- 
tions: (1) generate an n-bit wide number at its output 
222 corresponding to the count obtained, and (2) re- 
set the counter to its initial value. The digital number 

30 at output 222 corresponds to the time delay between 
the rising edges of V| and V(/Ni. The time difference 
between the rising edges of these signals corre- 
sponds to the phase difference between the two sig- 
nals. The D/A converter 230 converts the digital out- 

35 put count of counter 220 to an analog voltage Vg. 

The resolution of the counter 220, or the rate at 
which counter 220 counts, is based on the signal at 
the clock input 224. which is 1/(2 x clock frequency) 
= 1/(2 X 31 MHz) = approximately 16ns. A resolution 

40 of 16ns is more than sufficient to monitor a 64 kHz sig- 
nal having a cycle period of approximately 16 ns. 

Refemng to FIG. 2, if the component selected for 
D/A converter 230 has an offset voltage at its output, 
the initial value loaded into up/down counter 220 of 

45 phase detector 20 may be adjusted to compensate for 
the offset. An alternative way to account for any offset 
voltage of D/A converter 230 is to utilize the filter cir- 
cuit 30' of FIG. 3. 

FIG. 3 illustrates further details of a suitable loop 

50 filter circuit for use as the loop filter 30 of FIG. 1. Re- 
ferring to FIG. 3, the filter circuit 30 has two inputs 
310 and 320. The error signal Vg from the phase de- 
tector 20 of FIG. 2 is applied to the input 320. and the 
output of XOR gate 210 of phase detector 20 is ap- 

55 plied to the input 31 0. Within filter circuit 30, input 310 
is connected to a series resister Rsi which is connect- 
ed to a negative input of an operational amplifier ("op- 
amp") 330. The negative input 331 of op-amp 330 Is 
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also connected to an output 335 of op-amp 330 by a 
parallel combination of a filter capacitor Cf and a filter 
resistor Rf. 

Input 320 of the filter circuit 30 is connected to a 
series reslster Rs2 which is connected to a positive in- 5 
put 332 of op-amp 330 and to ground via a parallel 
combination of resistor Rp and capacitor Cp The pos- 
itive input 332 of op-amp 330 is also connected to a 
5V power source 334 via resister R^. The signal at the 
output 335 of the op-amp 330 is the filtered error sig- io 
nal VpE. 

In operation, the filter circuit 30 of FIG. 3 will re- 
move an offset voltage of the D/A converter 230 and 
proportionately scale the D/A converter 230 output 
signal to a range suitable for input to the govern- is 
able oscillator 40. With the component values 
Rp=Rd=10kn, C,=33nF, Rs2=1Mn and R,=21.5kn, the 
filter circuit 30 of FIG. 3 will eliminate an offset voltage 
of 0.27V of D/A converter 230, and proportionally 
scale a D/A converter 230 output signal Vg operating 20 
in a range of 0 to 5 Vto a filtered VpE signal operating 
in the range of 1 ,5 to 3.5V, which is suitable to control 
a typical VCXO. 

Referring to the secondary PLL 4 of FIG. 1, if a 
reduction of hardware is desired, the circuit 800 of 25 
FIG. 4 may be used. In FIG. 4, similar component 
blocks to those of FIG. 2 are indicated with a For ex- 
ample, phase detector 60' corresponds generally to 
phase detector 60. The signals VJU^ and V02/N2 are 
applied to a phase detector 60* having an n-bit wide 30 
digital output 61* which is filtered through a digital 
loop filter 70' and applied to a D/A counter 810. The 
D/A converter 810 is connected to an input 821 of a 
control circuit 820 which acts as a voltage divider cir- 
cuit 35 

Within control circuit 820, the input terminal 821 
is connected to an output terminal 822 via a series re- 
sistor Rs3. The output terminal 822 is also connected 
to a 5V power source 824 by a resister R^i, and to 
ground via a parallel combination of a resistor Rd2, 40 
and a capacitor C^. The output 822 of control circuit 
820 is connected to VCXO 80* which generates the 
secondary PLL 4 output signal V02- 

A digital loop filter 70' was selected forth the cir- 
cuit of FIG. 4 because in the current state of the art it 45 
is very difficult to produce an analog low pass filter 
with a cut-off frequency In the milli-hertz range. An 
envisioned circultforthe phase detector 60* having an 
n-bit wide output is substantially identical to the circuit 
for the phase detector 20' in FIG. 2 with the D/A con- so 
verter 230 eliminated. In such a circuit, the n-bit wide 
count output of counter 220 would be a digital signal 
equivalent to the analog Vg signal shown in FIG. 2. 
Digital V^ would then be applied to a digitat loop filter 
such as loop filter 70' shown in FIG. 4. 55 

A conventional single pole low-pass filter with the 
desired small bandwidth would be a suitable one for 
use as digital loop filter 70'. The filtered digital V^ is 



then converted to an analog filtered Vg signal by D/A 
converter 810. The control circuit 820 scales the D/A 
converter 810 output to an acceptable range for a gov- 
ernable oscillator 80', such as a VCXO as is shown 
in FIG. 4. 

When Rs3. Rdi and Rj and in the ratio Rsa = 3R 
and Rdi = Rd2 = 4R, the control circuit 820 will scale 
an input signal having a range of 0 to 5 V to a corre- 
sponding signal in the range of 1 .5 to 3.5 V. The value 
of capacitor Cd should be selected in order to filter out 
any high frequency noise from the signal at input 821 . 

To obtain the desired stability of the secondary 
PLL 4, a suitable transfer constant for an 8.192 MHz 
VCXO used as the governable oscillator 80* is 5 
ppnVV. If the desired resolution of the PLL circuit 5 is 
±0.01 ppm, then output of the digital filter 70* and 
phase detector 60' must be at least 9 bits wide. 

0 0 1 pp/T? " ®^®P®' '® ^^v®red by 9 bits. 

Another embodiment of the present invention, 
shown in FIG. 5, substantially improves the invariable 
response by secondary PLL 4 to input anomalies. 
FIG. 5 depicts a correction circuit 180 which signifi- 
cantly minimizes the possibility that secondary PLL 
4 will generate the output signal V02 based on an input 
signal Vq in a runaway condition. When the reference 
signal V^ef, to which the primary PLL 3 is phase- 
locked, Is interrupted causing the circuit to switch over 
to the scaled output signal V02/N2, the primary PLL 3 
may develop an extreme situation starting a frequen- 
cy runaway. Immediately after a runaway condition 
has commenced, the frequency of the output signal 
V02 would slowly and incrementally follow that of the 
runaway signal V© because the secondary PLL 4 
phase-locks its output signal V02 on the scaled signal 
V0/N1. Thereby, afterswitchover, the V02 outputof the 
secondary PLL 4 would have a frequency somewhat 
different than that of the reference signal V^ Thus, 
an undesirable result could occur In the holdover 
mode because the primary PLL 3 may lock on to the 
deviated V02 frequency of the secondary PLL 4. 

The correction circuit 180 of FIG. 5 is a suitable 
circuit for the prevention of drift of the output signal 
V02 when the primary PLL 3 enters a runaway condi- 
tion. Referring to FIG. 5, the output signal Vfe2 of a the 
loop filter 70 (shown in FIG. 1 ) is applied to a first input 
182 of a voltage summer 181. The voltage summer 
1 81 is connected to the control terminal 81 of the gov- 
ernable oscillator 80. The governable oscillator 80 
generates the output signal V02 of the secondary loop 
4 of FIG. 1 . The oscillator output signal V02 is applied 
to a microcontroller 186 which is connected to a mem- 
ory device 187. Microcontroller 186 generates a cor- 
rectk)n signal Vc which is applied to a second input 
189 of the voltage summer 181. 

In operation, the microcontroller 186 samples the 
frequency of the governable oscillator output signal 
V02 at given time intervals over a substantial period 
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of time and stores the sampled frequency values in 
the memory device 187, The microcontroller 1 86 then 
generates the correction signal Vc using a suitable al- 
gorithm based on the sampled values stored in the 
memory device 187. The algorithm may be based on 
an average of the sampled frequencies or other best- 
fit latest frequency techniques. A suitable routine for 
generating the conrection signal Vc is shown in FIG. 
6. 

The correction signal Vc is summed with the loop 
filter output Vp^a to produce a signal which controls 
the output signal of governable oscillator 80. The cor- 
rection circuit 180 generates the correction signal Vc 
based on the output signal V02 over a substantially 
long period of time. For example, the VCXO output 
V02 niay be sampled once per minute for five hours 
and if the memory device 187 has 300 storage loca- 
tions the generated correction signal would be based 
on the output signal V02 for the previous five hours. 
Further, sampling the output signal V02 for upwards of 
five hours would utilize a sufficiently long history sig- 
nal so as to make that signal negligibly effected by a 
recent runaway condition of the primary loop circuit 3. 

FIG. 6 is a flow diagram 600 for a suitable algo- 
rithm to be used in the microcontrolier 186 of FIG. 5. 
Referring to FIG. 6, initially values K and FLAG are re- 
set to zero in step 610. The value K is incremented in 
step 620. The frequency of the output signal V02 is 
sampled in step 630, and a corresponding frequency 
value is stored in location K of memory device 187 in 
step 640. 

In step 650, if K is detected equal to K^ax. then the 
value FLAG is set to one in step 660 before the routine 
proceeds to step 670. In step 670, the value FLAG is 
tested and if FLAG is not equal to one, the routine re- 
verts back to step 620 where K is incremented. In the 
alternative, if the FLAG value equals one, then in step 
680 a frequency average, fgyg. is taken of the frequen- 
cy values stored in memory device 187. In step 690, 
a new correction voltage Vc is then generated based 
on the average of the sampled frequency. In step 700, 
K is tested and if it is equal to K„,ax, K is reset to zero 
in step 710 before the routine reverts back to step 
620. 

This routine 600 generates a new connection vol- 
tage Vc based on a rolling average of the sampled fre- 
quencies. Steps 650-670 merely ensure that a sub- 
stantial number of samples are taken before any cor- 
rection voltage Vc is generated. This sequence is per- 
formed at specified time intervals, e.g., once per min- 
ute, over a substantial period of time to utilize the de- 
sired amount of history of the output signal V02. 

While the invention has been described in terms 
of a specific implementation for the primary PLL 3 
and secondary PLL 4, it should be apparent that the 
present invention can be constructed using other dig- 
ital or analog PLL loop configurations. 



Claims 

1 . A frequency synthesizer circuit having a holdover 
mode for generating a local clock signal based on 
5 a reference clock signal, the circuit comprising: 

a primary phase-locked loop circuit with 
an input and an output; 

a secondary phase-locked loop circuit 
with an input and an output, the input being con- 
to nected to the output of the primary loop; and 

a switch adaptable for connecting the input 
of the prinnary loop to the reference dock signal 
or to the output of the secondary loop, wherein 
the switch connects the input of the primary loop 
IS to the reference clock signal when the reference 
clock signal is present and to the output of the 
secondary loop when the reference clock signal 
is interrupted or absent. 

20 2. The circuit of claim 1 , wherein each of the primary 
phase-locked loop and secondary phase-locked 
loop comprises: 

a phase detector having first and second 
inputs and an output, the first input being the in- 

25 put of the loop, wherein an error signal is gener- 

ated at its output con'esponding to the difference 
in phase of the signals its inputs; 

a loop filter having an input and an output, 
the input being connected to the output of the 

30 phase detector, 

a governable oscillator having a center 
frequency, a control terminal and an output, the 
control terminal being connected to the output of 
the filter and the oscillator output being the output 

35 of the loop; and 

a frequency divider having an input and an 
output, the inputbeing connected to the output of 
the governable oscillator and the divider output 
being connected to the second input of the phase 

40 detector. 

3. The circuit of daim 2, wherein the center frequen- 
cies of the governable oscillators of the primary 
and secondary loops are a multiple of the refer- 

45 ence clock frequency. 

4. The circuit of claim 2, wherein the loop filter of the 
secondary loop has a narrow bandwidth. 

50 5. The drcuit of claim 2, wherein the phase detector 
of the primary loop comprises: 

an exdusive OR gate with first and second 
inputs and an output, the first input being the In- 
put to the primary loop and the second input be- 
55 ing connected to the output of the governable os- 

cillator of the primary loop; 

a counter having a start/stop terminal, a 
reset terminal and a digital output, the start/stop 
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terminal being connected to the output of the ex- 
clusive OR gate and the reset terminal being con- 
nected to the output of the governable oscillator 
of the primary loop; and 

a digital-to-analog converter with a digital s 
input and an analog output, the digital input being 
connected to the output of the counter and the 
analog output being connected to the loop filter of 
the primary loop. 

10 

6. The circuit of claim 2, wherein the loop filters are 
low pass filters. 

7. The circuit of claim 2, wherein the governable os- 
cillators of the primary and secondary loops are is 
voltage-controlled crystal oscillators. 

8. The circuit of claim 2, wherein the governable os- 
cillator of the secondary loop is a temperature- 
compensated crystal oscillator. 20 

9. The circuit of claim 2, wherein the phase detector 
of the secondary loop has a digital output corre- 
sponding to the phase difference of its inputs and 
wherein the loop filter of the secondary loop is a 25 
digital filter. 

10. The circuit of claim 9, wherein the phase detector 
of the secondary loop comprises: 

an exclusive OR gate with first and second 30 
inputs and an output, the first input being the in- 
put of the secondary loop and the second input 
being connected to the output of the governable 
oscillator of the secondary loop; and 

a counter having a start/stop terminal, a 35 
reset terminal and a digital count output, the 
start/stop terminal being connected to the output 
of the exclusive OR gate, the reset temriina! being 
connected to the output of the governable oscil- 
lator of the secondary loop, and the digital count 40 
output being the output of the phase detector 

11. The circuit of claim 10, further comprising: 

a digital to analog converter having an in- 
put and an output the input being connected to 45 
the output of the digital filter and the output being 
connected to the control terminal of the govern- 
able oscillator. 

1 2. The circuit of daim 2, further comprising: 50 

a signal scaling circuit connected to the 
control terminal of the governable oscillator, 
wherein the signal scaling circuit proportionately 
scales the amplitude of the filtered enror signal to 
within input range limitations of the governable 55 
oscillator. 

13. The circuit of claim 2. wherein the filter can conv 



pensate for an offset voltage of the phase detec- 
tor. 

14. The circuit of claim 1, wherein the phase-locked 
output of the secondary loop is based on sampled 
output of the primary loop over a long period of 
time. 

1 5. The circuit of claim 1 , wherein the switch is a con- 
trollable switch and wherein the circuit further 
comprises: 

a signal sensing circuit adapted to receive 
the reference signal, the signal sensing circuit be- 
ing connected to the controllable switch such that 
when the reference signal is sensed present, the 
signal sensing circuit causes the switch to be in 
the first position and when the reference signal is 
sensed absent, the switch is caused to be in the 
second position. 

16. A circuit for generating and phase locking a local 
clock signal based on a reference clock signal 
that may be interrupted, the circuit comprising: 

an actuatable switch having first and sec- 
ond inputs and an output, the first input being 
adaptable to receive the reference clock signal; 

a first phase detector having first and sec- 
ond inputs and an output, the first input being 
connected to the output of the switch; 

a first filter circuit having an input and an 
output, the input being connected to the output of 
said first phase detector; 

a first governable oscillator having a con- 
trol terminal and an output, the control terminal 
being connected to the output of said first filter, 
the output being the output of the circuit; 

a first frequency divider with an input and 
output, the input being connected to the output of 
the first oscillator and the output being connected 
to the second input of said first phase detector; 

a second phase detector having first and 
second inputs and an output, the first Input being 
connected to the output of said first frequency 
divider; 

a second fitter circuit having an input and 
an output, the input being connected to the output 
of said second phase detector; 

a second governable oscillator having a 
control terminal and an output, the control termi- 
nal being connected to the output of said second 
filter, the output being the output of the circuit; 
and 

a second frequency divider with an input 
and output, the input being connected to the out- 
put of the second oscillator and the output being 
connected to the second input of the switch, 
wherein the switch connects its output to its first 
input when the reference clock signal is present 
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and to its second input when the reference clock 
signal is interrupted or absent. 

1 7. A method of generating and phase-locking a local 
dock signal based on a reference dock signal 5 
comprising: 

generating a first phase-locked local clock 
signal based on a reference clock signal; 

generating a second phase-locked local 
dock signal based on the first local dock signal; io 

switching the basis of the first local dock 
signal from the reference dock signal to the sec- 
ond local dock signal when the reference dock 
signal is interrupted or lost. 

15 

18, The method of claim 16, further comprising: 

switching the basis of the first local dock 
signal back to the reference dock signal from the 
second local dock signal when the reference 
dock signal Is reestablished. 20 
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